Detailed study of the juice composition of noni (Morinda citrifolia) fruits from Cambodia.
Introduction
Noni (Morinda citrifolia) has a long history related to medical uses in the majority of the Southeast Asian countries. It is thought to be the plant predominantly used before the era of modern European medicines. Noni juice is especially known for its medicinal properties: antibacterial, analgesic, anti-congestive, antioxidant, anti-inflammatory, astringent, laxative, sedative and hypo-tensor, which have been cited by many authors [1] [2] [3] [4] . Dixon et al. [5] interviewed 185 scientists who identified a total of 346 drugs originating from the noni fruit whose use extends from the treatment of certain specific diseases such as diabetes to more general treatments such as body purging. The therapeutic mechanisms, however, remain unknown [6] .
The genus Morinda, Rubiaceae family, includes approximately 80 species, of which less than 20 species are recognized as having an economic value. One species, Morinda citrifolia L., is supreme for its remarkable characteristics, its multiple uses and its distribution [7] . Today, noni grows in the majority of the southern Pacific areas, in India, the Caribbean, South America and the West Indies.
Morinda citrifolia is one of the rare fruit trees which produces fruits 365 days per year. Certain trees can produce up to 2 t of fruits per month. The fruits are thick and have an ovoid form with circular flanges. They measure 20 cm in length (figure 1); they have a soft and aqueous flesh, a cheese flavor which becomes increasingly marked, and prickling during the process of maturation.
One of the challenges of recent years was to process Morinda citrifolia fruit juice, to make a more modern drug from a traditional product. This plant is indeed known by populations of the tropical world as a drug which can fight against various diseases. It is called "mengkudu" in Malaysia, "nhau" in the southern Pacific Islands, "nonu" in Samao and Tonga, "nono" in Raratonga and Tahiti, and "noni" in the Marquises Islands and Hawaii.
Active molecules present in the noni fruit have been emphasized by certain authors: xeronine by Heinicke [8] , terpenes such as asperuloside, aucubine, essential oils, β-Dglycopyranose pentacetate, asperulocide tetra acetate and ascorbic acid, alizarin carbonate, rubichloric acid and chrysophanol; resins of sterols are also quoted. Others also report the presence of anthraquinones, glycosides, phenolic compounds, resins of β-sitosterols and ursolic acid.
In order to obtain better knowledge of the characteristics of the noni fruit cultivated in Cambodia, the biochemical and mineral compositions of the raw juice extracted from M. citrifolia fruits were determined and compared with a commercial noni fruit juice originating from Tahiti.
Materials and methods

Fruit of Morinda citrifolia or noni
The whole fresh fruits of Morinda citrifolia were sent by plane from Cambodia and were preserved at -20°C during the duration of the experiment. Tahitian noni juice (company: Royal Tahiti Noni, made in Tahiti) was bought pasteurized in a pharmacy in Paris to be used as a reference. 
Juice extraction
The extraction was carried out on two batches of fruits using a hydraulic press (Sakaya, Thailand) by increasing to maximum pressure until there was no flow of the juice.
Determination of dry matter, mineral composition and moisture content
Dry matter of the juices was determined after passage in a vacuum dryer (Bioblock) for 24 h at 70°C.
Moisture content determination was carried out in triplicate by drying at (105 ± 2)°C for 24 h [9] . Total ash was obtained by calcination of 5 g dry matter at 550°C and left until a constant mass was obtained [10] . Mineral elements were dosed by Plasma Emission Spectroscopy from Varian Vista ICP [11] . Total nitrogen was analyzed on (50 to 150) mg crushed sample by the catharometry method [12] .
Amino acid analysis
Amino acids were determined in duplicate (two hydrolysates per sample, one chromatographic analysis per hydrolysate) by RP-HPLC of derived amino acid residues using a Pico Tag C 18 column (3.93 mm internal diameter × 15 cm, Waters). Samples (50 mg) were hydrolyzed under vacuum in 6 N HCl for 24 h at 110°C in sealed tubes. Amino acids were then reacted with phenylisothiocyanate (PITC) with 20 mL of an ethanol/ triethanolamine/PITC mixture (7/1/1) to form phenylthiocarbamyl amino acids. Elution was performed with a gradient of acetonitrile in 0.14 M sodium acetate buffer (eluant A: 100% buffer; eluant B: acetonitrile 60% in buffer v/v). Tryptophan was not analyzed. Sulfur amino acids were analyzed after performing oxidation, in the form of cysteic methionine sulfone and cysteic acid. Oil was extracted from 10 g of dry juice for 6 h by Soxhlet with hexane. The hexane was removed by evaporating and then flushing with nitrogen gas.
Oil content determination of the juice
Three methods of oil extraction were tested: -For Soxhlet extraction with hexane [13] , the raw juice was first of all freeze-dried for 24 h, then oil was extracted by Soxhlet with hexane for 6 h.
-For extraction with hexane juice, 20 g of raw juice was poured into a 1-L separating funnel and was agitated with 100 mL hexane. The lower aqueous phase was collected then re-extracted with hexane 3 times. The hexanic phases were collected and washed with distilled water 3 times. The hexanic phase was then dried with anhydrous sodium sulfate, and then concentrated with a rotary evaporator. After distillation of hexane and elimination of the last traces under a nitrogen flow, the total lipid content was obtained by weighing.
-For extraction by the method of Folch et al. [14] , 20 g of raw juice was homogenized using a mixer in 20 mL methanol acidified by 100 mL acetic acid. Ten milliliters of chloroform were added successively while agitating, then 20 mL distilled water. The solution was then centrifuged at 6000 g for 15 min. The chloroformic lower phase was concentrated with a rotary evaporator. After distillation of the chloroform, the total lipids were obtained by weighing.
Fatty acid composition and calculation of iodine index
Preparation of fatty acids methyl esters (FAME)
Sodium methylate solution (3 mL) was added to three drops (roughly 45 mg) of extracted oil and heated at 60°C for 10 min [15] . After 10 min of boiling, 3 mL of methanol chloride was added. The mixture was heated again for 10 min and cooled to room temperature and subsequently 10 mL of distilled water and 15 mL of hexane were added in succession. The mixture was shaken vigorously and left to stand to allow the layers to separate. The upper hexane layer containing FAME was transferred to a small tube and
stored at -20°C for later analysis by gas-liquid chromatography (GLC).
FAME analysis
The FAME analysis was performed by GLC (Ceinstruments, Model GC 8000 Top) equipped with a flame-ionization detector. A Supelcowax 10 column (0.32 mm internal diameter × 30 m long, 0.25 µm film thickness) with helium carrier gas at a linear flow velocity of 2 mL·min -1 was used. A temperature program of 100°C for 5 min, rising to 230°C at a rate of 10°C·min -1 was used. The FAME, dissolved in hexane, was injected (1 µL) in a split mode. The injector and detector temperatures were 250°C and 260°C, respectively. Peak areas were recorded using a Merck D-200 integrator. Fatty acids were identified by comparison of retention times of palm oil fatty acids and by comparison with the literature values.
The iodine index was calculated from the unsaturated fatty acid content of the oil determined by CPG.
Total sugar content and determination of Brix degree
Extraction of sugars under reflux of ethanol 80% [16]
The samples were defatted beforehand with hexane, then 10 g of them were crushed and agitated with 100 mL ethanol 80% before being kept under reflux of ethanol for 1 h. The insoluble residue was reintroduced into 100 mL ethanol 80% and the extraction was carried out a second time for 1 h. The insoluble residue was rinsed with ethanol 80%. The ethanol was eliminated at 45°C with a rotary evaporator until (15 to 20) mL extract was obtained, which was adjusted to 50 mL with pure water before being filtered to 0.2 mm for chromatographic analysis.
Dosage of monoand disaccharides by ionic chromatography [17]
The solution was diluted to obtain a content for each sugar ranging between (5 and 30) mg·L -1 . A quantity of 0.8 mL of filtered or centrifuged solution was poured into a tube adapted to the automatic sampling machine. Separation was carried out on an ionic chromatograph Dionex DX600 equipped with a column filled with balls of polystyrene-divinyl-benzene from (5 to 10) µm with a guard column of anion exchanging Dionex Carbo pac PA1 (250 mm × 4 mm) and with an amperometric detector (PAD) (table I).
The concentrations were calculated according to the external standard method using a stock solution of orange juice (Joker).
The measurement of Brix degree was carried out using a hand refractometer, graduated in % (Atago, Brix 0-32%, Japan).
Analysis of raw cellulose [18]
Raw cellulose corresponds to the residue resistant to the successive acid and alkaline treatments after deduction of the ash content. The residue obtained does not correspond to pure cellulose alone: it is composed of (50 to 80)% cellulose, (10 to 50)% lignin and approximately 20% hemicellulose.
Samples were defatted beforehand with hexane, then 700 mg of them were finely crushed (about 0.5 mm) in a porous sachet (Fibersac 24 Ankom, Humeau) sealed with a thermo-solder. The sachets were introduced into the Fibersac apparatus filled with 2 L of preheated pure water (conductivity < 5 µS·cm -1 ).
For the acid attack (H 2 SO 4 ), 2 L of H 2 SO 4 0.2 N were introduced into the apparatus. Two milliliters of Termamyl LS (thermostable amylase, Novo Nordisk) and three drops of cyclohexanone (antifoaming) were added. The system was closed hermetically. Agitation and heating were maintained for 40 min at 100°C and then stopped. Samples were rinsed two times with boiling, distilled water for 5 min and then the water was drained.
For the alkaline treatment (KOH), 2 L of KOH 0.23 N were introduced into the apparatus. Two milliliters of Termamyl LS (Novo Nordisk) and three drops of cyclohexane were added. The system was closed hermetically. Agitation and heating were maintained for 40 min at 100°C and then stopped. The sample was rinsed two times with boiling distilled water for 5 min and then the water was drained. The sachets were rinsed by steeping them in 200 mL acetone for (2 to 3) min, dried on an absorbing support then deposited on a stainless dish in a drying oven at (104 ± 3)°C for a night and weighed after they returned to ambient temperature.
For mineralization, sachets were deposited in pre-weighed capsules and then placed in a cold muffle furnace. The temperature was increased to 200°C in 15 min and the sample calcinated for 30 min; the temperature was then increased to 515°C in 20 min and maintained for 1 h. The capsules were cooled in a desiccator until room temperature was reached, and weighed. The content of raw cellulose was expressed in g·100 g -1 of raw sample.
Chlorophyll quantification
Chlorophyll content was given according to the spectrophotometric method of Arnon [19] . A glass cuvette of 1 cm was filled with centrifuged juice. The optical density of the juices was read at 645 nm and 663 nm with a Milton Roy spectrophotometer (Spectronic 1201 
Results and discussions
Dry matter content and Brix degree of noni fruit juices
The raw noni juice from Cambodia had 8°Brix and its dry matter was (9.75 ± 0.4)% (table III) . These values were definitely higher than those obtained for the commercial noni juice from Tahiti which only had 4.8°Brix and a total dry matter of (5.1 ± 0.4)%.
Sugar composition of noni fruit juices
The two batches of Cambodian raw juices contained the same quantity of glucose ). This content is lower, for example, than that found in a commercial grapefruit (90 g·L -1 ), orange or tangerine juice (100 g·L -1 ) [21] . The content of fibers was high for the Cambodian juice (33.8 g·L -1 ).
Chlorophyll content of noni fruit juices
The green color of M. citrifolia juice was due to the presence of chlorophyll. Densitometric measurement showed that the noni juice contained 0.29 mg chlorophyll·g -1 juice, which is much more than the content of olive oil from various species of Picudo 
Composition of mineral anions and organic acids of noni fruit juices
The total content of anions of the Cambodian noni juice was 7.9 g·L -1 . It was a little more than that of the commercial juice from Tahiti (5.5 g·L -1 ) and it is close to that found in pineapple juice [(4.5 to 18.7) g·L ) is close to that of noni juice (4.6 g·L -1 ). The Cambodian juice contained 0.75 g·L -1 of oxalic acid (0.075%) which is lower than spinach (0.3-1.3%), tea (0.3-2%) or cocoa (0.5-0.9%). This content will not cause any health problem related to the chelation of salts.
Mineral composition of noni fruit juices
Noni juice contains all the minerals necessary for the human metabolism. Selenium content in the studied juices was between (0.9 and 1.4) µg·g -1 dry matter (table VI). It was higher than that of other foodstuffs such as soya (0.02 to 0.7) µg·g -1 dry matter [23] or potato 0.006 µg·g -1 dry matter [21] . Selenium, which is essential to the activity of certain enzymes such as erythrocyte glutathione peroxidase, could protect the body from the harmful effects of free radicals and the phenomena of ageing related to ultraviolet rays. Men need (55 to 70) µg of selenium per day.
The sulphur content of noni juice (0.30 g·100 g -1 dry matter) was higher than that of Tahitian juice (0.18 g·100 g -1 dry matter). Particular attention must be given to the sulphur content, which could be responsible for odors [24] .
Plants and fruits are generally poor in sodium, apart from some vegetable species [25] . The sodium content of Cambodian juice (0.22 g·100 g -1 dry matter) was close to the The magnesium content of Tahitian noni juice (0.39 g·100 g -1 dry matter) was higher than that of the Cambodian juice (0.14 g·100 g -1 dry matter). Magnesium is present in practically all tissues. It plays a role in the transport of energy. Human magnesium consumption is often lower than that recommended [(330 to 420) mg per day]. In extreme magnesium deficiency, cramps, tetany crises, tiredness and insomnia can be observed. Magnesium also has a role in the prevention of cardiovascular diseases.
The calcium content of Cambodian juice (0.29 g·100 g -1 dry matter) is similar to that of soybean (0.25 g·100 g -1 dry matter) [21] , but lower than the calcium content of cow's milk (1.3 g·100 g -1 dry matter) [25] . These low contents are partly explained by the low solubility of calcium in juices. Consumption of food rich in calcium (e.g., dairy products) is strongly recommended for people at risk: old people, diabetics, etc. Calcium is especially a constituent of the skeleton. Its content in blood plasma is narrowly controlled at 100 mg·L -1 and it plays a favorable role in the blood pressure. Plants contain a low amount of calcium. Biological activity of calcium and phosphorus are dependent and their ratio [Ca/P] must be close to 1.7 [25] .
The potassium content of Tahitian juice (4.68 g·100 g -1 dry matter) was equivalent to that of Cambodian juice (4.01 g·100 g -1 dry matter). This content is higher than that found in cow's milk (1.6 g·100 g -1 dry matter) [25] . The destiny of K, in the body, is closely related to that of Na. It is necessary for the activity of a multitude of enzymes, for the correct neuromuscular and cardiac processes, stomach acid secretion and aldosterone regulation. The human requirement for K is about 390 to 585 mg per day. A normal diet provides from (2 to 6) g of K per day. Fruits and vegetables abound in K. The potassium contents of pineapple flesh and bananas are (0.3 and 1.2-3.0) g·100 g -1 dry matter, respectively [21] . The potassium contents of cauliflowers, soya and beans from Lima are (0.3, 1.1 and 1.6) g·100 g -1 dry matter, respectively [21] . T. Chunhieng et al.
dry matter) [21] or cow's milk (1 g·100 g -1 dry matter) [25] . In the human body, 80% of the phosphorus is present in the form of a calcium salt in the skeleton and the teeth; it also intervenes in the use and storage of energy and in enzymatic activities. Human needs are 800 mg of phosphorus per day.
Amino acids and protein content of noni fruit juices
The amino acid analysis of Cambodian juice proteins (table VII) made it possible to calculate the exact factor of conversion for nitrogen per protein and thus to calculate the exact content of protein in the juices [26] . Sulphur amino acid analysis (cysteine and methionine) was not carried out because it would have been necessary to carry out an oxidation before acid hydrolysis. In general, with only acid hydrolysis, methionine and cysteine peaks are nevertheless found. In our case, these peaks were very weak and we concluded that there is a very low amount of sulphur amino acids in the juices.
The protein content (table VIII) was obtained by multiplying the total nitrogen content by the international factor of conversion 6.25 [21, 27] and the content of real protein was calculated by multiplying the nitrogen content by the new factor of 7.05. By taking into account this new factor, the Cambodian juice contained 25.7 g protein·100 g -1 dry matter. Tahitian juice contained only 5.4 g protein·100 g -1 dry matter. On the other hand, the protein content of the residual cake obtained after pressing the juice was equivalent to that of raw juice with 22.8 g protein·100 g -1 dry matter. 
Oil content and fatty acid composition of the oil extracted from the noni juice
The three methods (Soxhlet, hexane juice and Folch) tested to extract oil and fatty acid from noni juice gave the same oil content of (1.5 ± 0.05) g·100 g -1 dry matter for the Cambodian noni juice obtained by pressing.
Comparison can be made with citrus fruit juices such as orange (1.7 g oil·100 g -1 dry matter), tangerine (1.8 g oil·100 g -1 dry matter) and grapefruit (1 g oil·100 g -1 dry matter) [21] . The total content of unsaturated and polyunsaturated fatty acids of Cambodian Morinda citrifolia oil was 52.2 g·100 g -1 dry matter. This is, however, less than in corn (85.5 g·100 g -1 dry matter) or olive oils (83.4 g·100 g -1 dry matter). The study of fatty acid composition (table IX) shows the following elements:
-oil of Morinda citrifolia juice has a total composition in fatty acids similar to those of corn and olive oils, -oleic acid C18:1 (n-9) is present in much greater quantity (18.8 g·100 g -1 oil) in noni oil than in the oil of the ripe fruits of Morinda citrifolia (0.06 g·100 g -1 oil) found by Farine et al. [28] , which is astonishing and certainly due to a varietal variation. The amount of linoleic acid C18:2 (n-6) is lower (31.1 g·100 g -1 oil) than in corn oil (53 g·100 g -1 oil), but higher than in olive oil (9 g·100 g -1 oil). There was a low level of linolenic acid C18:3 (0.3 g·100 g -1 oil) in the oil of noni juice.
One of the characteristics of this oil is that it contains a significant proportion of caprylic acid C8:0 (22.8 g·100 g -1 oil) and hexanoïc acid C6:0 (6.4 g·100 g -1 oil). The presence of these short-chain fatty acids could explain the unpleasant odor of Morinda citrifolia juice.
The iodine index of Cambodian noni juice oil was 72.3. This iodine index is rather low and is between that of palm oil (56.9) [29] and that of sunflower oil (90.0) [30] and olive oil (81.3) [31] . It is lower than that of unsaturated oils such as almond oil (100.3) [29] or corn oil (120.5) [32] . This is due to the high proportion of short-chain and saturated fatty acids shorter or equal to C12 (32 g·100 g -1 oil) contained in the oil, in spite of a good proportion of linoleic acid (31.1 g·100 g -1 oil).
Summary chart of Morinda citrifolia juice composition
The results obtained previously were brought together to give a summary of Morinda citrifolia juice composition (table X). 
Conclusions
Noni juice contains a low amount of oil (1.5 g·100 g -1 dry matter). This oil contains a high proportion of unsaturated fatty acids (52.2 g·100 g -1 oil) including 31.4 g polyunsaturated fatty acids·100 g -1 oil. Its main characteristic is that it contains a high proportion of short-chain fatty acids C6 to C10 which can play a considerable role in the unpleasant taste and odor of the juice, in particular when fatty acids are released by hydrolysis and become volatile during fruit maturation.
The significant quantity of simple sugars makes this juice a good energy-generating product for the human body. Simple sugars are mainly glucose (12.2 g·100 g -1 dry matter) and fructose (8.4 g·100 g -1 dry matter). The juice contains only traces of sucrose (< 0.03 g·100 g -1 dry matter).
Inorganic and organic anions which are found in large quantity (8.4 g·100 g -1 dry matter) could also be responsible for the characteristic taste of this juice.
The mineral content of the juice is also significant (8.8 g·100 g -1 dry matter). All the important minerals for the body are found in the juice and fibres of noni: P, K, Ca, Mg, Na, S and Se.
Noni juice contains an average of 25.6 g protein·100 g -1 dry matter. This quantity depends on the source of the fruit and the manufacturing method of the juice.
Complementary studies were done to ensure physical and microbiological stabilization of noni juice [33] for its marketing. The juice was clarified by tangential microfiltration and was concentrated by reverse osmosis. The juice obtained is much clearer and less turbid than the industrial Tahitian juice. Pasteurization at 70°C for 10 min associated with these two techniques and the relatively low pH of the juice (3.7) permitted us to obtain a juice which was stable over 7 months.
Noni juice thus could find some applications in: -the pharmaceutical or dietetic industries, but the juice must preserve its traditional properties after stabilization; -the animal feed industry for the residual cake and the seed oil, whose compositions are quite close to the cakes or seeds usually used in this sector [33] .
In spite of many new analyses carried out on noni juice and its derivatives, the juice of Morinda citrifolia fruit will keep its health-giving and curing secrets. The analyses showed that this product contains molecules with undeniable antioxidant properties which could have an action on the human body. Many texts resulting from local populations as well as the significance of the production of this juice in tropical countries make us think that noni juice contains additional active molecules at a medicinal level such as certain alkaloids like xeronine, often quoted by certain business corporations, but which have never been isolated, or identified. 
